Amyloid fibril toxicity in Alzheimer's disease and diabetes.
Several lines of evidence suggest that amyloid deposition in the brain contributes to neuronal degeneration in Alzheimer's disease (AD). In the AD brain, diffuse plaques composed mostly of amorphous beta amyloid (Am-beta A) are inert, whereas compact plaques composed of beta amyloid fibrils (Fib-beta A) are associated with neurodegenerative changes. The effects of these two types of amyloid were tested on primary rat hippocampal neurons. Fib-beta A induced the formation of dystrophic neurites and caused neuronal cell death, whereas Am-beta A was not toxic. In addition, Fib-beta A caused synapse loss in the remaining viable neurons, whereas Am-beta A did not significantly affect synapse number. We also examined the effects of amylin, the primary constituent of the amyloid fibrils that form in the pancreas in adult-onset diabetes. Amylin was toxic to rat and human insulin-producing islet cells in the concentration range of fibril formation. The relative toxic potencies of amylin peptides of different species correlated with their fibril-forming capacity. Soluble amylin was not toxic. The amyloid fibril-binding dye Congo red inhibited the toxicity of both beta A and amylin. Congo red afforded protection against toxicity by a dual mechanism. When present during the phase of fibril polymerization, Congo red could inhibit fibril formation from some peptides. When added to preformed fibrils, Congo red bound to fibrils rendering them nontoxic. These results suggest that fibril formation is necessary for both beta A and amylin toxicity. Congo red appears to be a general inhibitor of amyloid fibril toxicity and may therefore be a useful prototype for drugs targeted to the amyloid pathology of AD and adult-onset diabetes.